A s a mid-June sun slid behind a firtipped ridge in the boreal forest of Ontario, Canada, biologists John Fryxell of the University of Guelph and Jim Baker of the Ontario Ministry of Natural Resources were on a mission. They passed the blue waters of Lake Nipigon and skirted cliffs that could be the sheer rock faces of Yosemite before stopping at the railroad hamlet of Nakina. Nakina may be derived from a Cree word meaning "land covered with moss," a clue to the scientists' quarry.
The "gray ghost," or caribou, passes almost without a trace through the black spruce and jack pines of the Boreal, as the northern spruce-fir forest is colloquially known. Scientists have dedicated their professional lives to the animal, yet many have never glimpsed it on the ground.
Where have all the caribou gone? To find out, Fryxell; Baker; and a team of researchers at Canada's University of Guelph and Trent University, the Canadian Forest Service, and the Ontario Ministry of Natural Resources are conducting a four-year study of woodland caribou (Rangifer tarandus caribou) in Ontario. Using what is known as a population viability analysis (PVA), the group hopes to determine what has happened to caribou and to learn how to better conserve the animals and their habitat.
An iconic animal at risk Woodland caribou are medium-size members of the deer family; their distribution is circumpolar. In Eurasia, they are known as reindeer; in North caribou range has been lost since the late 1800s. At this rate, woodland caribou in Ontario may be extinct by 2100.
Forest-dwelling woodland caribou are listed as threatened under Ontario's Endangered Species Act and under Canada's Species at Risk Act. In response to the designation, Ontario released the Woodland Caribou Conservation Plan in 2009. The province's First Nations (indigenous peoples and their governments) also support caribou conservation by sharing their wellspring of traditional knowledge. In Wabakimi Provincial Park, northwest of Lake Nipigon, for America, only those that are domesticated are called reindeer, whereas their wild counterparts are called caribou.
Two caribou ecotypes roam the woods of Ontario. The forest-tundra woodland caribou is found on the tundra during spring and summer and moves into the boreal forest for the remainder of the year. The nonmigratory, forest-dwelling woodland caribou lives in the boreal forest year-round.
The province's forest-dwelling woodland caribou population is estimated roughly at 5000 animals. Caribou were once found throughout northern Ontario, but their range has shrunk. More than 40 percent of Ontario Feature ginseng (Panax quinque folius) and wild leek (Allium trico ccum) in Quebec. In the latter PVA, researchers studied the extinction threshold of wild leek and determined that commercial harvesting was a serious threat.
For PVA to provide the best results, a large amount of field data is needed. Therefore, the caribou project teams are fanned out across the Boreal, collecting data on factors from wolf predation rates to the quantity and quality of lichens and other caribou food and the effects of hordes of black flies.
"Everything probably relates in one way or another to human-caused landscape disruption," said forest ecologist Ian Thompson of the Canadian Forest Service. "Harvesting of forests, and now climate change, may have resulted in more moose, bringing in more predators. Lichens, a primary winter food for caribou, may not be as abundant."
Ultimately, there is only one way to tease apart these intertwined strands, the scientists determined. To understand caribou loss, one must first understand the Boreal. Global warming may also be affecting caribou. Black spruce, jack pine, and other coniferous trees-hallmarks of the Boreal-are moving north, with aspens and birches filling in behind. Moose, which prefer deciduous or mixed deciduous-coniferous forests, follow the trees. As moose are on the move, so are gray wolves. Caribou, too, are shifting their range poleward.
Into the Boreal
The stage is set, said wolf biologist Brent Patterson of the Ontario Ministry of Natural Resources and Trent University, for caribou, moose, and wolves to be pushed ever northward, changing the relationship among habitat, predator, and prey. "They're in a complex dance in the forest," he said.
Enter population viability analysis At their base in Nakina, Fryxell and Baker study the most recent data collected. The information is being fed into the PVA, which is used to determine the probability that a population will go extinct within a certain number of years. A melding of eco logy and statistics, it brings together species characteristics and environmental variability to forecast population health.
"PVA indicates how urgent conservation efforts need to be," said Fryxell, "and identifies important life stages or processes that should be the focus." It also compares proposed management options, ranking the pros and cons of alternative scenarios.
The first PVA is credited to scientist Mark Shaffer, who, in the 1970s, proposed a model for Yellowstone National Park's grizzly bears. Yellowstone was at the center of a heated debate over various proposals to manage the park's grizzlies. Shaffer's model incorporated random variability and calculated extinction probabilities and the minimum viable population size.
As increased numbers of species face extinction, PVA is being used more frequently. For example, a PVA was recently completed for the island fox (Urocyon littoralis) of Santa Catalina Island, California. Its conclusion was that the fox remains at significant risk. Other species for which PVAs have been performed range from the African elephant (Loxodonta africana), for which the question How big should reserves be? was asked, to American A rare sight in any season, forest-dwelling, nonmigratory woodland caribou glance at the Homo sapiens in their midst. The photo was taken on a frozen lake in Ontario, north of Nakina. Photograph: Philip Wiebe.
Feature north of the fiftieth parallel. The forest covers some 60 percent of Canada, spanning the landscape from Newfoundland and Labrador to the border between the Yukon and Alaska. The Boreal stretches across a tract more than 1000 kilometers wide, separating tundra in the north from deciduous woodlands to the south and west. Tall tree stands of uniform age define the Boreal; the uniformity results from natural disturbances like forest fires. Fires kill large tracts of trees with almost cyclical regularity. Before the advent of modern firefighting techniques, the natural burn-regeneration cycle was set at about 75-100 years. Fire is important for releasing minerals held in the thick, acidic soils of the Boreal; the minerals are needed for the growth of new seedlings. Over the past 80 years, human activities changed the forest. Timber harvesting altered the mix of tree species, and fire suppression made the forest older-in some places-than would naturally be the case.
As part of the PVA, the caribou researchers are comparing variables, including forest fire frequency, in three Ontario boreal forest regions: the Pickle Lake area; the environs around Cochrane; and Auden, near Nakina.
Pickle Lake, the westernmost site, has had very little logging and has few roads, said ecologist Art Rodgers of CNFER, and it has the most oldgrowth coniferous forest. Auden, the central site, has been logged since the 1940s. It has younger-growth, mixed coniferous-deciduous forest, a comparatively well-developed road network, and higher numbers of moose and wolves. "The easternmost site, near Cochrane, is intermediate between the others," said Rodgers. "It has fewer roads than Auden but fewer forest fires than Pickle Lake." Comparisons will allow ecologists to determine how caribou fare in these different environments.
Early results from a forest habitat analysis indicate that pine, spruce, and other conifers have successfully regenerated near Auden, especially in areas harvested between 1945 and 1960, said forestry scientist Doug Reid of CNFER. "Many old roads still exist there," said Reid, "but they're covered by a thick and his coauthors in a paper in the Canadian Journal of Zoology.
Similarly, said Patterson, "the preliminary habitat selection work we've done shows that wolves seem to avoid coniferous stands." At some research sites, wolves are taking more moose than caribou. "Much remains to be done, but the data we've collected to date suggest that caribou are a secondary or even tertiary prey item in what seem to be primarily wolf-moose systems," said Patterson. "We haven't quantified the summer diet of wolves yet, and formal analysis of all [our] field data is required before any conclusions can be made regarding the role of wolves in limiting caribou population growth in northern Ontario." The biologists are collecting data on hundreds of animals across the three sites and linking the information using PVA models, said Fryxell. "Only then will we have the full picture."
At the Auden site, Fryxell and Vander Vennen located a wolf killmoose hair on a thick carpet of pine needles-a few hundred meters into a mixed deciduous-coniferous forest. The animal was once a small and likely young moose, the researchers noted on the basis of the tufts of coarse, lightbrown hair. From the particular bones left behind, and the way the hair was growth of alders and no longer function as travel corridors" for humans and perhaps for wolves.
Wolf versus caribou or wolf versus moose?
At the Auden site, researchers Luke Vander Vennen and Amy Donaldson of the University of Guelph put radio collars on wolves caught in a line of traps. Very high frequency (VHF) radio collars allow scientists to follow wolves' travels. In addition to placing VHF collars on both wolves and caribou, the team monitors 36 Global Positioning System (GPS)-collared wolves and 150 GPS-collared caribou in various habitats in the three study areas.
Caribou, moose, and wolves partition habitat, according to a 1994 paper by Harold Cumming in the proceedings of the Sixth North American Caribou Workshop. Findings in 2010 by Jeff Bowman of the Ontario Ministry of Natural Resources and Trent University show that occurrence probabilities for moose in eastern Canadian boreal forests are greatest in the south, where deciduous trees are found. Wolf occurrence is also greatest in the south. "Caribou occurrence, however, is positively related to mature coniferous forest and negatively related to both wolf occurrence and roads," wrote Bowman
This female gray wolf (Canis lupus) is howling from a mixed deciduous-coniferous stand.
Wolf and moose occurrence is highest in this southern Ontario forest type; woodland caribou prefer northern forests of black spruce and jack pine. Photograph: Philip Wiebe.
Feature
(Ptilium crista-castrensis) is a feathermoss that forms a soft carpet beneath black spruce. It shares space with stairstep moss and windblown moss. Black spruce and feathermoss form one habitat in boreal forest uplands.
Among the mosses are arboreal lichens, such as oakmoss (Evernia spp.), horsehair lichen (Bryoria spp.), and beard lichen (Usnea spp.). They cover the tips of black spruce branches and the trunks of jack pines. Along the ground grow boulder-sized clumps of reindeer lichen (Cladonia rangiferina). All these lichens are favorite caribou fare, and the Boreal is the place to find them. As climate warms, lichens' ranges, too, may be pushed farther north.
Out in the field, Fryxell and Erin Mallon of the University of Guelph, a specialist in mosses and lichens, stepped carefully in study site AC28. AC28's trees are about 80 years old, said Mallon. She studies how caribou diet varies between upland forests and lowland peatlands and how wildfire affects the availability and nutritional quality of caribou food.
Caribou depend on reindeer lichen as their winter energy source, "cratering," or pawing through snow to reach this groundcover. In fact, the word
Caribou versus wolf or caribou versus black fly?
What is limiting caribou may be hordes of black flies that swarm through the Boreal in spring and summer, seeking blood in every nook and cranny. Anything warm-blooded and unlucky enough to have black fur or dark hair soon becomes a pincushion. Caribou are among their favorite targets, said Marco Raponi of Trent University.
Raponi believes that insect harassment may explain the falloff in caribou. At a field site, Raponi was covered in insectproof garb and carried a net for catching flies. Beneath a stand of black spruce trees, he swirled the net through the air, then stopped to peer at the black flies caught in one sweep. Flies too numerous to count lay at the bottom of the net. With the warmer temperatures of climate change, the insect hordes may increase in number.
"If you were a caribou," asked Raponi, "would you want to be in the midst of this scourge?" Insect data will be an integral part of the PVA.
The secret lives of caribou Not everything in the black spruce forest is a caribou deterrent. Knight's plume laid out against the forest floor, the scientists could tell that there was little struggle. Wolves probably surprised this moose.
Forest disturbances have resulted in younger woodlands with higher numbers of moose than the old-growth forest favored by caribou, found David Latham of the University of Alberta, writing in The Journal of Wildlife Management in 2011. The line between deciduous and coniferous forest types, however, is often blurred. If wolves follow moose into young deciduous woods that border older coniferous forests, "incidental predation of caribou could increase," according to Latham.
In a caribou study of the Alberta oil sands environment, 10 percent of wolves' diet was found to be caribou, according to Samuel Wasser of the University of Washington and his colleagues. The rest was moose and deer. The results were published last year in the journal Frontiers in Ecology and the Environment.
To halt the drop in woodland caribou numbers, some groups have proposed culling wolves, but "modifying landscape-level human-use patterns," stated Wasser, "may be more effective at managing the ecosystem [for caribou] than intentional removal of wolves." Feature caribou-never happened," he said. "Caribou will reuse previously logged areas, provided the forest landscape meets their needs. That's especially true where there isn't a contiguous cut and where much of the forest is left intact, as it was at Lucy Lake." The work of the research team will play an important role in future decisions made under the Canadian Boreal Forest Agreement, a pact signed on 18 May 2010 by nine environmental organizations and 21 member companies of the Forest Products Association of Canada. The coming together of traditional adversaries, these groups say, reflects their commitment to common goals: conserving significant areas of the Boreal, protecting threatened caribou, and providing a competitive market edge for participating companies. "Do not buy" antilogging campaigns have been suspended while the agreement is being implemented.
A major step was announced on 28 June 2012: 800,000 hectares of caribou habitat in northeastern Ontario will be excluded from logging. The news comes none too soon for caribou. There are no roads, rail lines, or permanent sources of power in the 4000-square-kilometer range of the Boreal that conceals the Ring of Fire-yet. But once the infrastructure is there, it will pave the way for the mining of nickel, copper, gold, and other products.
How will the region's caribou fare? The final results of the Ontario caribou PVA study will be pivotal to answering that question. In the meantime, the Alberta oil sands may offer a look into the future. Wasser and his colleagues recommend that any human activity in such a region be clustered, not spread out, and be located well away from where caribou forage. They also believe that access roads should be kept to a minimum.
Can access roads ever be a plus for caribou? Maybe, if those roads are in woods like those near Lucy Lake, 40 kilometers west of Nakina. The lake environs, said Reid, are the first documented use by caribou in North America of a previously harvested forest. Reid, Fryxell, and Baker bumped along an old logging road, now almost overgrown with alder, to reach the remote body of water. They spotted a former access road, barely visible through the growth of black spruce and feathermoss.
Timber was harvested here in the 1950s, then black spruce, white spruce, and jack pine were replanted between 1961 and 1964. Layers of feathermoss were left intact. Mosses and lichens are now widespread.
The cuts were large by the standards of the day, said Reid, but tracts of mature forest were left standing. "The result is that a changeover to a moosewolf, mixed coniferous-deciduous ecosystem-which is unsuitable for caribou comes from the Mikmaq word qalipu-snow shoveller.
But what do caribou eat in summer? It has long been a mystery. An innovative "caribou cam" has provided new insights, giving scientists a look into the once-hidden daily lives of woodland caribou. The ungulates are outfitted with a collar carrying a video camera that records their waking and sleeping hours-where they roam, what they eat, where they give birth.
"We've deployed what is, to our know ledge, the first successful terrestrial high-resolution animal-borne video camera with on-board long-term recording and a GPS unit," said Thompson. He, Rodgers, Baker, Fryxell, and others published their results in April 2012, in The Wildlife Society Bulletin.
The caribou cams were tested from March to July 2011 on five caribou. "The quality of the videos is high," said Thompson, "and identification of summer caribou diet by plant species is, for the first time, possible." The camera-wearing caribou mostly fed on ground and arboreal lichens and occupied black spruce habitats. As spring and summer progressed, lichens became less common foods, with mosses growing in importance.
The scientists also looked for evidence of calving. One female caribou died before it gave birth. Another female gave birth to a stillborn calf. Then there was happier news: A third female produced a live calf on 15 May 2011.
It is a first look, said Thompson, "into the secret lives of caribou, which, until now, have been very secret indeed."
Stepping through a Ring of Fire The Ring of Fire area of muskeg swamps in northernwestern Ontario may be the site of a major new chromite mine that could affect the fate of the caribou. Chromite is used to make stainless steel. The mine's long arm would extend along highways yet to be built. A permanent all-season road would eventually run from an area east of Webequie, near the mine in the north, to Nakina, some 200 miles south. The several-billion-dollar plan to build Canada's-and North America's-first
